Throughout the 25-year history of research on stimulus equivalence, one feature of the training procedure has remained constant, namely, the requirement of operant responding during the training procedures. The present investigation compared the traditional match-to-sample (MTS) training with a more recent respondent-type (ReT) procedure. Another consistent feature of the equivalence paradigm is the apparent stipulation that both training and testing must occur before equivalence emerges. In this respect, a more idiosyncratic measure of class acquisition would be desirable. Multidimensional scaling, as a class of exploratory techniques, is introduced as a possible addition to the stimulus equivalence paradigm.
When verbally able humans are taught a series of interrelated conditional discriminations, the stimuli involved often become related to each other in untrained ways. For example, when a subject is taught to select a stimulus B in the presence of a stimulus A, and additionally, to select a stimulus C in the presence of stimul us A, it is likely that the subject will also select A in the presence of B (symmetry), A in the presence of C (symmetry), and B in the presence of C and C in the presence of B (equivalence) without explicit training to do so. This performance is important because it is not easily accounted for by the concept of conditional discrimination (Skinner, 1953, pp. 116-122) . A conditional discrimination, as traditionally defined, does not predict the emergence of this untaught performance. Neither selecting B given C, nor C given B, has a history of differential reinforcement such as to permit either to become a conditional discriminative stimulus with regard to the other, therefore neither stimulus should reliably control selection of the other.
Another reason for interest in stimulus equivalence is its presumed relation to complex human behavior. This claim is substantiated by certain kinds of evidence. First, verbal humans have shown equivalence class formation, but this finding has yet to be shown unequivocally in nonverbal humans and infrahumans (Barnes, McCullagh, & Keenan, 1990; Devaney, Hayes, & Nelson, 1986; Hayes, 1989 ; except see Carr, Wilkinson, & Blackman, 2000; Lipkens, Kop, & Matthijs, 1988; Vaughan, 1988; Yamamoto & Asano, 1995) . Second, after failure on an equivalence test, children then taught to name the stimuli subsequently show equivalence responding (Dugdale & Lowe, 1990; Eikeseth & Smith, 1992; Lowe, Horne, Harris, & Randle, 2002; Wulfert, Dougher, & Greenway, 1991) . Third, there is evidence that the language deficits of verbally disabled individuals may be remedied by equivalence procedures (Cowley, Green, Braunling-McMorrow, 1992; deRose, deSouza, Rossito, & deRose, 1992; Matos & Hubner-d'Oliveira, 1992; Sidman & Tailby, 1982) . Fourth, a number of researchers have used equivalence phenomena to develop a behavior analytic interpretation of symbolic meaning and the generative nature of grammar (Barnes & Holmes, 1991;  Hayes, Hayes & Hayes, 1989; Wulfert & Hayes, 1988) . Finally, recent findings have shown that equivalence is important to a behavioral analysis of many disparate areas of research, such as social categorization (Grey & Barnes, 1996; Kohlenberg, Hayes, & Hayes, 1991; ), human sexual behavior (Roche, Barnes, & Smeets, 1997; Roche, BarnesHolmes, Smeets, Barnes-Holmes, & McGeady, 2000) , as well as the advanced reasoning abilities of humans (Hayes, Gifford, & Townsend, 2001; Lipkens, 1992) .
Recent research has demonstrated that equivalence classes may be generated in the absence of an operant response requirement, namely match-to-sample training. Leader, Barnes, and Smeets (1996) used a respondent-type 1 training procedure to generate performances that were consistent with equivalence responding as more typically produced (see also Barnes, Smeets, & Leader, 1996; Smeets, Leader, Barnes, 1997) . In these studies, training consisted of the random presentation of six stimulus pairs (A1-B1, B1-C1, A2-B2, B2-C2, A3-B3, B3-C3), followed by standard matching-to-sample tests of symmetry (B 1-A 1, B2-A2, B3-A3, C1-B1, C2-B2, C3-B3) and equivalence relations (C1-A 1, C2-A2, C3-A3).
The significant aspect of this procedure is that during training there were no overt operant response requirements. Subjects were simply told to observe the computer screen because the stimuli they see would become relevant later. Arguably, seeing under the control of an instruction to observe is an operant response. However, the absence of a requirement for overt selection responses , and the similarity of this procedure to classical conditioning, constitutes a significant departure from more traditional training procedures. Although performances consistent with equivalence responding were shown, the effectiveness of the respondent-type training procedure in producing equivalence responding was dependent on (a) the presence of longer between-pair delays relative to the within-pair delays, and (b) the sequence in wh ich the stimulus pairs were presented. The combination of relatively longer between-pair delays and randomized stimulus pair presentation served to expedite equivalence class formation during later testing procedures. Further, early indications are that the respondent-type procedure is more effective in generating equivalence responding than the standard matchto-sample paradigm (Leader & Barnes-Holmes, 2001 ). These investigators compared both types of training procedures and found the respondent-type procedure to be much more effective than the traditional match-to-sample paradigm.
Although the respondent-type procedure of Dymond and Barnes (1994) and Cullinan, Barnes, Hampson, and Lyddy (1994) generates equivalence responding, it appears to emerge only after repeated exposures to both training and testing procedures. As with match-tosample training, equivalence often emerges only after exposure to testing, and often there is acquisition during testing without reinforcement, suggesting that the testing display itself is contributing to the development of the relation. That is, testing may be conceptualized as a training procedure with subtle reinforcement of the sort found in educational settings (Beena, 1986; Walker, 1992) .
The benefit of a more elaborate procedune without overt response requirements is that it prompts another analysis of the role of both training and testing in equivalence class formation. Further, with in the context of match-to-sample testing, certain educational histories are brought to bear, suggesting that while testing does not involve overt reinforcement, subtle reinforcement of some kind may be taking place (Skinner, 1953 (Skinner, , 1961 . That equivalence rarely emerges without repeated exposures to both training and testing suggests that testing plays a vital role in the acquisition of equivalence performances. The question as to what role testing does play remains unanswered.
One of the problems in answering this question is that once testing has occurred, whatever role it plays in acquisition is already being played. To investigate the role of testing in these performances, as well as the interaction between training and testing , another means of assessing the relatedness of stimuli would be useful. By using a class of exploratory techniques referred to as multidimensional scaling (Borg & Groenen, 1997; Kruskal & Wish, 1978; Schiffman, Reynolds, & Young, 1981) , more detailed information regarding the structure of a subject's responding over time may be examined (Davison , 1983; Jones, 1983; Shoben , 1983) .
The present series of experiments had two purposes. First, in comparing respondent-type and operant training procedures we may refine our knowledge as to the necessary and sufficient training conditions and response requirements for the emergence of equivalence. Second, by including idiosyncratic measures of stimuli relatedness, we may see the emergence of equivalence without exposing subjects to a procedure previously demonstrated to constitute a circumstance of acquisition . In this way, we may be able to make some distinctions between the phenomenon, stimulus equivalence, and the methodology by which it is normally brought about.
Experiment 1

General Method
Subjects
Subjects consisted of 13 students, 9 female and 4 male, ranging in age from 18 to 23. Enrolled at the University of Nevada, 12 subjects were native English speakers and were recruited from the psychology department's subject pool in return for extra credit in their psychology courses. The last subject's first language was Japanese. Before the experiment, all subjects signed a statement of informed consent and were told that they could withdraw from the experiment at any time. The experiment took approximately 90 minutes, but not longer than 2 hours, to complete. Upon completion of the session all subjects were debriefed.
Apparatus
Each subject was seated in a small (8' x 10') experimental room with an IBM-compatible personal computer and chair. The computer was positioned centrally on a 3' x 2' table. Subject data was entered using the keyboard; all subsequent interaction was completed using the computer's mouse. The computer, using software that was programmed in Microsoft Visual Basic by Michael Clayton, performed stimulus presentation and the recording of responses. A pool of 18 arbitrarily chosen Chinese ideograms ( Fig. 1) were randomly assigned to their respective roles as sample and comparison stimuli. Stimuli were 2.5 cm in diameter and were arbitrarily divided into six stimulus classes (A 1 -3 -F 1 -3 ). In the interest of clarity, the designations A 1 -3 -F 1 -3 are used hereafter.
Procedure
Prior to training, subjects evaluated all of the stimuli (A 1 -3 -F 1 -3 ) in terms of how closely related they were to each other. This scaling procedure served to reveal any inherent or constructed similarities the stimuli shared prior to training. From there, all subjects entered the training phase, which consisted of match-to-sample (MTS) and respondent-type (ReT) training. Exposure to MTS and ReT training was counterbalanced across subjects, and all subjects received an equal number of IVITS and ReT trials before proceeding to the next phase of the study. After completing the pretraining scaling procedure and the first training phase, subjects were exposed to the first of thnee testing procedures (Fig.  2) . The first formal MTS test involved symmetrical relations B 1 -3 -A 1 -3 , C 1 -3 -A 1 -3 , D 1 -T A 1 -3 , E 1 -3 -A 1 -3 . The second MTS test involved equivalence relations B 1 -3 -C 1 -3 , C 1 -3 -B 1 -3 , D 1 -T E 1 -3 , E 1 -T D 1 -3 . The final MTS test involved extended equivalence relations B 1 -3 -D 1 -3 , D 1 -3 -B 1 -3 , C 1 -T E 1 -3 , E 1 _ 3-C1-3, B 1 -3 -E 1 -3 , E 1 -T B 1 -3 . Each MTS test evaluated one derived relation, that is, symmetry, equivalence, or extended equivalence, and only occurred once during the experiment. There was no criterion required during testing, only that each derived relation be tested once.
Measures of accuracy and response latency were taken during MTS training and testing trials. After the test for extE~nded equivalent relations, subjects again evaluated all stimuli (A 1 -T F 1 -3 ) in terms of how closely related they were to each other. At this pOint, the experimenter answered any questions or concerns the subject voiced and concluded the experimental session .
Stimulus scaling. Subjects received scalin~~ tests that began with the following instructions:
During this phase of the study you will be judging how closely related or unrelated a number of objects are. Because people judge things in different ways, there are no right or wrong answers. We are interested in finding out how you as an individual compare these stimuli. You will be shown one object at a time and asked to select, with the computer mouse, the six most closely related objects. You will then be asked to select the six least closely related objects.
The scaling procedure obtained conditional rank orderings of all 18 stimuli (A 1 -T F 1 -3 ). In this procedure, each stimulus in turn was used as a sample and the subject was asked to rank the comparison stimuli in order of their relatedness to this sample. The 18 comparison stimuli were then arranged in three rows of six stimuli each, equidistant from each other. Subjects were given one stimulus (the sample) and asked to select the six stimuli most closely related to this sample and then the six stimuli least closely related to this sample. This procedure was repeated for each of the 18 stimuli until all had been rank ordered. The data were then coded 1 , 2, 3, 4, 5, 6 for the six most closely related stimuli, 7 for the six unranked comparisons, and 8, 9, 10, 11, 12, 13 for the six least related stimuli.
Matching-ta-sample training. During MTS training, conditional discriminations were established among nine stimulus objects, A 1 -3 , B 1 -3 , C 1 -3 to create six stimulus pairs; AB 1 -3 , AC 1 -3 . Subjects were presented with the following instructions:
An object will appear on the computer SCreEln. You should look at the object and then select it by moving the mouse pointer on top of the object and single-clicking the left mOLise button. A moment later additional objects will appear on the screen. Select one of these objects by single-clicking on it with the left mouse button. Sometimes, you will be told if your selection is correct or incorrect; sometimes you will not get any feedback.
Subjects were provided with an object (A 1 -3 ) in the upper center portion of the computer screen (a sample) . After single-clicking the left mouse button on this object, three additional objects (B 1 -3 , C 1 -3 ) appeared in the lower center area of the computer screen (comparisons) equidistant from each other. The subject was then to select one of the comparisons with the left mouse button by single-clicking on it, after which the screen went blank for 3 seconds. Out of the three comparisons, one was "correct" and two were "incorrect." The word CORRECT appeared in the center of the screen immediately following "correct" selections ; the word INCORRECT appeared on the screen immediately following "incorrect" selections.
The order of presentation was randomized and began again in blocks of six trials (three for A-B relations and three for A-C relations) . After 12 trials (two blocks), subjects were exposed to either ReT training or the testing procedures. In order to proceed to testing , subjects were required to respond correctly during an entire set of MTS training trials, that is, 12 times, consecutively.
Respondent training. Respondent training began by presenting the following instructions to each subject:
You will be presented with an object on the computer screen . Please look at the object. A moment later an additional object will appear on the screen . Please pay close attention because what you encounter here will be relevant during future stages of the experiment.
During respondent training , nine objects (A 1 -3 , 0 1 -3 , E 1 -3 ) were presented to the subject in the form of six stimulus pairs: AD 1 -3 , AE 1 _ 3 . Each stimulus pair was presented in the center of the computer screen in the following sequence. The first stimulus of each pair (e.g., A 1) was presented for 1 s and the computer screen was cleared for .5 s (withinpair delay). The second stimulus in the pair was then presented for 1 s and the screen was cleared for 3 s (between-pair delay) . Following this delay the next stimulus pair was presented in the same fashion until all six pairs had been shown (Fig. 3) . The presentation of pairs continued for two trial blocks in random order such that each pair is presented twice in a set of 12 trials.
Matching-ta-sample testing. During MTS testing , subjects were presented with a testing sequence that examined the 12 symmetrical relations (B 1 -3 -A 1 -3 , C 1 -3 -A 1 -3 , D 1 -3 -A 1 -3 , E 1 -3 -A 1 -3 ). This procedure was like the MTS training procedure in every way except that subjects were not told if they were correct or incorrect, and the stimuli that served as samples (A 1 -3 ) served as comparisons and the previous comparisons (B 1 -3 , C 1 -3 , D 1 -3 , E 1 -3 ) served as samples.
The equivalence procedure was identical to the aforementioned procedure except that subjects were presented with a testing sequence that examined the 12 equivalence relations (
, and as before there was no feedback presented.
A third type of testing consisted of extended equivalence relations (Fig. 4) . Subjects were presented with a testin~~ sequence that examined the 18 extended relations (
In all other respects, the procedure was the same as the two previous testing procedures. 
Results and Discussion
Percent-correct scores for ali subjects on tests of symmetry and equivalence are presented in Table 1 . Most, but not ali, subjects did better on tests of stimuli trained with MTS than with ReT. During tests for symmetry, 7 subjects (Subjects 1, 2, 3, 7, 9, 10, and 12) responded correctly more often to stimuli trained using MTS while only 4 (4, 8, 11, and 13) did so to stimuli trained using ReT. During tests for equivalence, 
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Figure 5. Summary of percent-correct scores for 12 subjects on tests of symmetry, equivalence, and extended relations.
9 subjects (1, 2, 3, 4, 5, 7, 8, 9 , and 10) responded correctly more often to stimuli trained using MTS while only 2 (11 and 12) did so to stimuli trained using ReT. Subject 13 spoke JapanHse and thus was more familiar with the stimuli than the other subjects. This subject did considerably better than average, scoring 100'Yo on both MTS and ReT tests for equivalence and extended relations. A summary of the averaged data is shown in Figure 5 . Data from Subject 13 is not included in this summary. The percentage of correct responses during testing is indicated on the ordinate and the five MTS tests on the abscissa. In general, the class trained using MTS showed higher correct responding (79% for symmetry and 72% for equivalence) than the class trained using ReT (65% for symmetry / 51 % for equivalence). The tests for extended equivalenc1e relations yielded slightly better results than might be expected (66%), but the multiplicative effect of training may explain this phenomenon. That is, the extended relations were a combination of both MTS and ReT training and, thus, were presented more often.
1.4 The analysis of the coded scaling data began by transforming the rank orderings of the stimuli produced during the course of the experiment into a Spearman Product-Moment correlation matrix of all stimuli. The multidimensional scaling (MDS) procedure was initiated using a standard Guttman-Lingoes coefficient of alienation. This is essentially a principal components analysis, and in most cases provides an adequate starting configuration for the iterative fitting procedure of ordinal MDS.
The initial scaling procedure was encountered prior to any training or testing of the stimuli and the data (Fig. 6, top) indicate any apparent shared formal properties existing prior to training and testing. In this case, spatial proximity indicates subjective relatedness as judged by the subjects, most likely on the basis of formal properties of the stimuli themselves. Figure 6 (bottom) shows the results of the scaling procedure after all training and testing of derived relations had been completed. The trained and tested relations (A 1 -E 1 , A 2 -E 2 , A 3 -E 3 ) appear to group together, while the extraneous stimuli (F 1 -3 ) remain apart from the other stimuli. The spatial proximity of the A3-E3 stimuli, as compared to the A2-E2 stimuli, suggests a higher degree of subjective relatedness for those stimuli.
Experiment 2
The data in Experiment 1 tentatively suggest that the MTS training procedure more readily facilitated equivalence responding than did the ReT procedure. The scaling procedure suggested that all of the stimuli, regardless of training method, were judged to be in different groupings based on the training subjects received. Experiment 2 was conducted in order to further evaluate the effectiveness of both training procedures and to expand the usage of the scaling procedure. By expanding its use, we may be able to identify the specific points during the general procedures at which equivalence responding emerges. Experiment 2 replicated Experiment 1, except that scaling tests were encountered five times over the course of training and testing, as opposed to just two times, pre-and post-, in Experiment 1.
Subjects
Subjects were 15 students at the University of Nevada, 11 female and 4 male, between the ages of 18 and 21. All subjects were native English speakers and were recruited from the psychology department's subject pool in return for extra credit in their psychology courses.
Procedure
The procedure was identical to that of the prior experiment except that there were multiple scaling procedures throughout the study. Subjects were exposed to scaling tests (a) prior to training, (b) posttraining, (c) after the MTS test for symmetry, (d) after the MTS test for equivalence, and (e) post-training/testing.
Results and Discussion
Individual data for the 15 subjects are shown in Table 2 . Again , most of the subjects responded correctly more often in the case of stimuli trained with MTS. During tests of symmetrical relations, 11 subjects (1, 2, 3, 4, 7, 8, 9, 10, 11, 13, and 14) responded correctly more often to stimuli trained using MTS compared to only 1 subject (Subject 12) who did so as a result of ReT training. During equivalence tests, 9 subjects (2, 3, 4, 6, Table 2 Percent-Correct Scores on Symmetry, Equivalence, and Extended Relations 
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Figure 7. Summary of percent-correct scores for 15 subjects on tests of symmetry, equivalence, and extended relations.
7, 8, 9, 10, and 13) responded correctly more often to stimuli trained using MTS, while none of the subjects favored ReT-trained relations. A summary of the averaged data is shown in Figure 7 . Overall, MTS training was more effective than the ReT training procedure. In tests for symmetry and equivalence, subjects responded correctly about 75% of the time for the relations trained using MTS and less than 50% of the time for relations trained using ReT. Correct responding for the extended equivalence relations was 44%. , . . The scaling procedure was introduced as a more subjective measure of responding over time. In Figure 8 , the acquisition of derived relations can be examined at a level of detail unavailable when using percentcorrect scores and the resulting bar graphs or tables. Prior to training (top left) the 18 stimuli have no history with respect to each other. Yet the grouping of A2-A3-B2-E1-E2-F1 suggests that, prior to any experimental manipulations, some stimuli are related on the basis of some formal properties. After exposure to the training procedures (middle left) the only stimuli that appear to be related are A 1, B1, C1 , which were trained using MTS. Otherwise, there are no other apparent groupings. After the test for symmetrical relations (bottom left) there is a grouping of C3, D3, E3, as well as A1 and B1 from the previous figure. Figure 8 also shows the results of scaling after exposure to the test for equivalence (top right). At this point, A3, 83, C3, 03, and E3 are together, as is the smaller grouping of A2, 82, and C2. The final scaling procedure occurs after the test for extended equivalence relations. In Figure 8 (bottom right) the groupings have become more organized but not as clearly delineated as they might be. The stimuli of the three groups are contiguous with each other but not very tightly arranged. The three F stimuli were nE!Ver encountered outside of the scaling procedure and so any relation they may show to the other 15 stimuli was established during the scaling procedures alone.
Experiment 3
Results of Experiment 1 and 2 suggest that MTS training and ReT training were differentially effective. Stimuli trained using MTS were more likely to show symmetry and equivalence than stimuli trained using ReT. One potential problem with the results in both Experiment 1 and Experiment 2 concerns the relatively poor performance of subjects on tests for derived relations in general. In typical equivalence research, training/testing continues until subjects are responding correctly at least 90% of the time. The present method trains until 100% accuracy and then tests for derived relations only once, so a less absolute criterion has been adopted. Relatively greater correct responding (above chance levels) is taken as evidence of superiority of training method. For the sake of discussion, though, we can take a fairly liberal criterion of 80% and reevaluate the results on the basis of this more absolute criterion. In this case, individual data (Table 1 & Table 2 ) show that half of the subjects reached criterion performances in Experiment 1 (Subjects 1, 2, 3, 9, 11, and 13) and 6 did so in Experiment 2 (3, 7, 8, 9, 12, and 13) . The averages in Figures 5 and 7 show MTS scoms approaching criterion while ReT scores did not come close.
A second potential problem involves the scaling procedure used in both experiments. If the purpose is simply to compare both training methods, then adding a new, untested methodology may needlessly complicate the results. Thus, Experiment 3 was conducted to further evaluate the two training methods without the complication of the scaling procedure. Initial results mirrored those of Experiments 1 and 2, that is, relatively poor responding during tests of derived relations. Thus, a furthler simplification involved replacing the stimuli used in the prior experiments with comparatively less complex stimuli used frequently in the equivalence literature. Thus, Experiment 3 used new stimuli and discarded the scaling tests, but was procedurally identical in all other respects.
Subjects
Subjects were 7 undergraduate students at Jacksonville State University, 5 female and 2 male, between the ages of 19 and 21 . Of the subjects, 6 were native English speakers and the 7th spoke Cantonese as well as English as a second language. All subjects were recruited from the department's subject pool and received extra credit for participation in the experiment.
II
.n. 
Procedure
The procedure was identical to the previous experiments except that there were no scaling tests and new stimuli were introduced. The stimuli (Fig. 9) were chosen on the basis of being common in the literature, and thus have facilitated successful tests for derived relations in the past. Subject 7 was not exposed to the new stimuli , instead using the previous Chinese ideograms utilized in Experiments 1 and 2. Table 3 shows individual data for 7 subjects on tests for derived relations. Except for a few outliers, subjects performed significantly better during tests for derived relations when using less complex stimuli. All subjects responded at or above criterio!) for at least one of the two training methods, usually the MTS-trained relations. As in the earlier experiments, MTS training led to higher correct responding during tests for derived relations. During tests for symmetry, 5 subjects (1, 2, 3, 4, and Note. * denotes subject spoke English as second language.
Results and Discussion
6) produced a greater number of correct responses in favor of MTS training while only 1 subject (Subject 7) did so in favor of ReT training . During tests for equivalence, 3 subjects (1, 2, and 6) produced a greater number of correct responses in favor of MTS training while only 1 subject (Subject 7) did so in favor of ReT training. The remaining subjects scored equally well during tests for relations trained using both methods. In fact, Subject 5 responded in accordance with derived relations 100% of the time during all tests of derived relations. Subject 7 spoke Cantonese and was exposed to the stimuli from Experiments 1 and 2, unlike the other 6 subjects. Subject 7 reached high levels of correct responding (100% on tests of ReT classes, 67% and 83% on all other tests) much like the other 6 subjects. Unlike the other subjects, this subject did better on relations trained using ReT than those trained with MTS. A combination of stimulus familiarity and training style probably accounts for this. The Chinese ideograms we used were based on the simplified characters in use in mainland China, not the more traditional characters used in Hong Kong and Taiwan, in which Subject 7 was fluent. In any case, her understanding of the symbols was much greater than native English speakers, or even that of Subject 13 in Experiment 1 who was fluent in Kanji, a more distant descendant of Chinese writing. Further, the ReT procedure proceeds from left-to-right and contemporary Chinese read from left-to-right, not top-to-bottom , while the MTS procedure proceeds from top-to-bottom .
A summary of the averaged data is shown in Figure 10 . This data does not include Subject 7. As with the earlier experiments, MTS training was more effective in tests for derived relations than was the ReT procedure. Overall, subjects responded correctly over 90% of the time for classes trained using MTS and less than 80% (64% & 75%) for those classes trained using ReT. Tests for extended relations resulted in correct responding just over 80%, which was higher than for either ReT-trained relation alone. These relations were made up of overlapping classes that were presented during both types of training procedures. Thus, subjects were exposed to these relations more often, during both MTS and ReT training. 
MTS Symmetry
ReT Symmetry MTS EquIValence ReT Equivalence Extended Relations Figure 10 . Summary of percent-correct scores for 6 subjects on tests of symmetry, equivalence, and extended relations.
General Discussion
The MTS training procedure appears to be more effective than the ReT training procedure in generating stimulus equivalence classes. That the ReT procedure approximates the effectiveness of the MTS procedure is surprising given the nature of the respondent-type procedure. Subjects we re simply asked to observe the computer screen because what they saw would be relevant later. The MTS procedure required more overt responding than the ReT procedure. Subjects were required to select the sample and then to select the correct comparison. In addition , subjects were given feedback on these performances and we re required to continue both training procedures until they reached a stringent training criterion (100%) during MTS training.
There are several possible explanations fo r the greater effectiveness of the MTS training when compared to the ReT procedure. First, the complexity of the procedure may have been a factor. Subjects were expected to learn that 8 1 -3 and C 1 -3 went with A 1 -3 during one type of training, but that D 1 -3 and E 1 -3 went with A 1 -3 du ring another type of training. Second, the response requirements of the MTS procedure were more elaborate than in the ReT procedure, which involved very little overt responding , only a request to watch the computer screen . Third , and perhaps more significantly, the fact that the MTS testing procedures were conducted in the same manner as the MTS training procedure may also have contributed to the relative success of the MTS training procedure. Both MTS training and the MTS tests looked the same except for the absence of feedback during MTS testing, whereas the ReT procedure looked different and required less overt responding than the MTS procedures. Future work could eliminate the MTS preparation during testing and use either the scaling procedure or a transfer-of-function procedure (Wirth & Chase, 2002) . Neither procedure resembles either training procedure and, thus, would not be expE!cted to influence the test results differentially.
Another aspect of the experiment that may have influenced the outcome was the scaling procedure. The scaling procedure presented each of the 18 stimuli in turn, and required thE~ subject to choose the 6 most closely related comparisons as well as H1e 6 least closely related comparisons. This procedure required subjects to sort all of the stimuli with respect to each stimulus, in turn, and provided no feedback except the instructions to sort in terms of most closely related and least closely related. Thus, the scaling procedure may have served as a circumstance of extinction, as do the unreinforced MTS tests for symmetry, equivalence, and extended equivalence. In fact, increasing levels of statistical "stress" over the course of repeated scaling phases was indicated and suggests some degree of frustration and/or exhaustion on the part of subjects. The additional scaling sets introduced in Experiment 2 added, on average, 30 minutes to the subject's participation time. Multidimensional scaling models require that each proximity be mapped exactly into its corresponding distance. This leaves out any notion of error. In practice, however, empirical proximities always contain some noise due to measurement imprecision, unreliability, sampling effects, and so on. Loss functions such as "stress" are indices that assess the mismatch of (admissibly transformed) proximities and corresponding distances. Stress is, in this way, similar to a correlation coefficient, except that it measures the "badness of fit" rather than the "goodness of fit."
The increased number of scaling sets in Experiment 2 over Experiment 1 seemed to depress correct responding during MTS tests and prompted their exclusion in Experiment 3. Yet, additional evidence from Experiment 3 suggests that the scaling procedure was not as distracting as presumed. Initial results, using complex stimuli without any scaling, very closely resembled those found in the two earlier experiments. It was only after substituting comparatively less complex stimuli that results greatly improved. Therefore, judicious use of the scaling procedure in future studies can be recommended. Use of scaling pretraining and posttraining, much as in Experiment 1, did not adversely affect the results and may even be more tightly integrated in the future. For example, results of the initial pretraining scaling which suggest a preexisting relationship among stimuli based on formal properties could inform subsequent stimulus assignments so that stimulus classes emerge as a result of training only and not some artifact of the stimuli themselves.
One final, unique feature of this study was the use of complex and unfamiliar stimuli in Experiments 1 and 2. Comparatively complex stimuli such as the Chinese ideograms used in this research may more closely simulate the learning experience with novel stimuli. Nonsense syllables, such as CUG and VEK, and common stimulus objects like those found in Experiment 3, are more pronounceable and/or nameable. Consequently, such stimuli may falsely promote or enhance stimulus class acquisition. The results of Subject 13 (Experiment 1) and Subject 7 (Experiment 3) seem to confirm this phenomenon. For these subjects, the stimuli were at least as nameable as CUG or VEK are for native English speakers. As a result, both subjects performed very well on tests for derived relations, even favoring the ReT procedure over MTS training. This may be because the respondent-type procedure resembles reading performances in that one object follows another, that is, presentation has a linear quality to it. These subjects were exposed to one meaningful stimulus after another in much the same way that reading occurs. These results suggest that more attention be paid to stimulus selection when conducting research on stimulus equivalence. Nameable or pronounceable stimuii may be bringing extra-experimental histories into what has been assumed to be a less contrived circumstance. Leader and Barnes-Holmes (2001) found the ReT procedure to be more effective than MTS, a result not supported by the present research. The two studies differ in four important ways. First, the present study used much more complex stimuli than did the earlier work, which involved nonsense syllables. The nonsense syllables are more familiar, or more easily "nameable," than Chinese ideograms. Subjects repeatedly commented during debriefing on the complexity and difficulty of the stimuli. Importantly, the present data supported that of Leader et al. when subjects could "name" the stimuli, as the two ESL subjects could . Second, this study incorporated a one-to-many training paradigm while the previous study relied on a different paradigm. In the present study, subjects were trained A-B, A-C, and then tested for symmetry (B-A, C-A) and equivalence (B-C, C-B). In the Leader et al. study, subjects were trained A-B, B-C, and then tested for symmetry (B-A, C-B) and combined symmetry and transitivity (C-A) . Both procedures are acknowledged to constitute derived relational responding and it seems unlikely that this would result in contradictory results.
Third, the present study tested for each of the derived relations one time during the course of the study and the previous study involved multiple test presentations, and a 90% success criterion. Our research avoided multiple tests on the grounds that if multiple tests are needed in order to generate relational responding, then the tests are functioning as something other than merely tests. At any rate, the initial tests in the Leader et al. study are comparable to the first and only tests in the present study, and the results are the same: They found ReT to be clearly superior while we did not. Lastly, the length of time subjects spent in training differed. Subjects in the Leader et al. study first trained one class (Le., MTS) and then tested that class, after which they trained the other class (Le., ReT) and then tested that class. The current study trained both classes (A-B-C, A-D-E) at the same time and then tested for derived relations.
For the purpose of continuing to compare match-to-sample and respondent-type training of equivalence responding, two things can be done to amend the present procedure. First, as mentioned previously, abandonment of the MTS testing procedure in favor of the scaling tests would control for the carry-over effects of MTS training on the comparable testing procedure. The use of a match-to-sample procedure during both training and testing may give the MTS procedure an unfair advantage over the respondent-type procedure. Scaling bears little similarity to either preparation and, thus, may be ideal during testing for differences in acquisition of derived relations across both procedures.
Second , there is a variation on the presemt procedure that, while introducing its own concerns, does much to simplify the procedure (Dermot Barnes, personal communication, December 30, 1997) . Briefly, the preparation requires only three stimuli A-B-C, which are then trained in different combinations. For example, A 1-B1-C1, A2-B2-C2, A3-B3-C3 can be trained using the MTS procedure while A 1-B2-C3, A2-B1-C2, and A3-B3-C1 are trained using the respondent-type procedure. To evaluate training effectiveness during tests for equivalence, B1 is presented as the sample and C1, C2, C3 are included as comparisons. If the subject chooses C1 given B1 then the MTS procedure dominates and if the subject chooses C2 given B1 then the respondent-type procedure may be said to be more effective.
One of the advantages of the ReT procedure is that it suggests the powerful role of private events, such as covert naming, in stimulus class formation . The role of private events in derived relational responding is an important subject of inquiry. Future work in this area comparing both overt and covert naming in the ReT procedure is warranted and ongoing in the first author's laboratory.
If we step back for a moment, whether one procedure is "better" than another becomes less of an issue. Both procedures can be effective in generating performances indicative of derived relational responding , and the fact that the respondent-type procedure can approximate the efficacy of match-to-sample training is significant. Exploring the conditions under which one procedure is more effective than the other is a continuing process. The issue remains interesting and fo~low-up work has already begun, but methodological variations are only a part of the larger picture. A goal implicit in the present undertaking has been to offer more precision through methodological advances in order to broaden the scope of research and theory on stimulus equivalencB, and derived relational responding more generally.
It is only by broadening the methodological base from which basic researchers operate that we can hope to free the phenomenon from the method out of which it emerges (Hayes & Barnes, 1997) . Stimulus equivalence has been, and continues to be, a fertile research area. Its well-substantiated relation to complex human behavior is a first step.
Relational responding, of which stimulus equivalence may be but one instance, constitutes a more elaborate framework from which to investigate complex human behavior (Hayes, Barnes-Holmes, & Roche, 2001) . Further methodological precision can only serve to broaden ou r theoretical scope by encouraging researchers to realize the constraints of previous theories (Clayton & Hayes, 1999) . The somewhat lofty goal of this endeavor is to develop a theory that is consistent within itself and which explains all observable phenomena.
